Abstract. Evidence from an array of dryland systems suggests that chickpea (Cicer arietinum L.) grain yield could be improved through better phenological adaptation. However, information on the relationship between phenology and Ascochyta response genes, and their possible interaction with biomass and grain yield, is missing. Accordingly, the aim of the present study was to determine the associations between the above factors and biomass and grain yield in chickpea. To that end, standard Israeli cultivars and advanced generation bulked progeny from the cv. Hadas × ICC5810 cross were used. Hadas is a late-flowering, high-yielding Israeli kabuli (0.45 g/seed) cultivar with moderate field resistance to Ascochyta blight, whereas ICC5810 is a day-neutral desi (0.15 g/seed) genotype with a strong temperature response, from India. Higher yields were observed among the late-flowering bulks of the Hadas × ICC5810 progeny. No relationship between the Ascochyta response and biomass and grain yield was observed. No interaction between the phenology and Ascochyta response grouping on biomass and grain yield was observed. The results demonstrate the feasibility of combining Ascochyta resistance with earlier flowering and its potential to improve chickpea adaptation to dryland systems.
Introduction
Chickpea (Cicer arietinum L.) is a staple protein crop in the Indian subcontinent, the Near East, and across the Mediterranean basin (Ladizinsky 1995) . Recent expansions of area under chickpea were reported from the USA, Canada, and Australia (FAO 2004) . In most of its growing areas, chickpea is a dryland crop with a relatively low global average grain yield of 0.7 t/ha. In the Near East and Mediterraneanlike environments the crop is sown either as a winter crop (rainfed), or as spring crop relying solely on residual soil moisture (Kostrinski 1974; Singh et al. 1997) . Unlike the limited yield potential of spring-sown chickpea, ranging over 0.3-0.6 t/ha (Kostrinski 1974) , yields of winter-sown crop may amount to 4 t/ha (Singh et al. 1997 and citations therein). The higher yields of the winter-sown crop are attributed mainly to higher biomass accumulation resulting from higher water availability (Keatinge and Cooper 1983) .
Due to their inherent long-day requirements, most Mediterranean chickpea stocks are relatively late to flower even when sown in the autumn (Or et al. 1999; Kumar and Abbo 2001) . Consequently, in Mediterranean environments, podding and grain filling occur in the late spring (Or et al. 1999 ; phenology data of Singh and Reddy 1996; Singh et al. 1997) . Therefore, lush vegetative growth following winter sowing of chickpea exposes dryland chickpea to high evaporative demand during the critical stage of grain development thereby restricting grain yield (Turner et al. 2001) .
Recently it was suggested that incorporating early flowering/podding into modern Mediterranean chickpea germplasm might assist in realising the higher yield potential of winter-sown chickpea by extending pod-set duration (Kumar and Abbo 2001) . Supporting claims for the possible advantage of early flowering in chickpea were also made following agronomic evaluation in other world regions (Miller et al. 2002) .
Winter cropping of chickpea requires resistance to Ascochyta blight caused by the fungus Didymella rabiei whose picnidiospores are dispersed by rain splash (e.g. Singh and Reddy 1996) . Indeed, extensive efforts were made in several countries and in ICARDA to improve chickpea resistance to Ascochyta blight (Singh et al. 1997 and citations) . Recent biometric analyses exposed a negative genetic correlation between flowering time and Ascochyta blight resistance in chickpea (Lichtenzveig et al. 2002) . However, information on the relationship between phenology and Ascochyta response genes, and their possible effects on biomass and grain yield, is missing. The aim of the present work was to study the effect of phenology and Ascochyta response genes on biomass and grain yield in chickpea.
To that end, we used a set of standard Israeli cultivars and segregating populations derived from a cross between a high-yielding, late-flowering/Ascochyta blight moderately resistant cultivar (Hadas) and an early-flowering/Ascochyta susceptible germplasm line (ICC5810).
Materials and methods

Husbandry details
Soil type and rainfall (plus irrigation) data for each experiment are given in Table 1 . Weed, Ascochyta, and pest control were conducted according to the local commercial practices. No Ascochyta blight symptoms occurred in any of the plots during all 3 years of the study. In each experiment, records of emergence date and flowering time were taken.
Variety comparisons
The characteristics of the chickpea cultivars used for the field experiments and crosses are listed in Table 2 . ICC5810 was not included in the field experiments due to its extremely poor performance under the Israeli growing conditions. Cultivar evaluations were conducted within commercial chickpea fields, with a sowing rate of 15-20 seeds/m row and spacing of 1 m between the rows, in a randomised complete block design with 5 replicates. Experimental plot size was 6 m width by 4-8 m length (according to seed availability). At harvest, only a 2-4 m length from the central 2 rows was harvested, to minimise border row effect. The above-ground harvested biomass was weighed. Seed yield of the harvested plots was determined after threshing.
Cv. Hadas × ICC5810 cross
The full details of the cv. Hadas × ICC5810 segregating population were reported previously (Or et al. 1999; Lichtenzveig et al. 2002; Hovav et al. 2003) . In brief, Hadas is a high-yielding kabuli cultivar with large (0.45 g/seed) beige seeds, moderately resistant to Ascochyta blight and with a strong photoperiod response (late flowering) (Or et al. 1999) . ICC5810, with small dark seeds (0.15 g/seed), is a day-neutral desi (Roberts et al. 1985) . A wide flowering time range was observed in the F 2 and subsequent generations of this cross mainly due to the daylength neutrality mediated earliness of the ICC5810 parent (Or et al. 1999; Hovav et al. 2003) . Pairs of bulks were produced using F 4 seed mixtures based on the individual performance of the F 3 plants (reported by Lichtenzveig et al. 2002; Hovav et al. 2003) . Specifically, Ascochyta blight resistant and susceptible bulks were created each with late-flowering and early-flowering backgrounds. Selection criteria for the bulk production are presented in Table 3 . There was no attempt to balance the contribution (in number of seeds) from the different F 3 plants into the bulks. The number of seeds taken varied among individual F 3 s and was related to yield. The F 4 bulks were sown on 1 December 1998, in Massuot-Yitzhak (Table 1) . The experiment was conducted in a randomised complete block design with 3 replicates. Each experimental unit consisted of a pair of rows 6 m long (with 1-m row spacing) and a pair of guard rows of the commercial cultivar down each side. Only the central 2 m were harvested. The aboveground harvested biomass was weighed. Seed yield of the harvested plots was determined after threshing.
Based on the performance of the F 4 disease response nursery (see Lichtenzveig et al. 2002) , another independent round of selection was undertaken in the same manner to form F 5 bulks. The experiment was sown in a complete randomised block design with 5 replicates in Massuot-Yitzhak on 18 January 2000 within a larger commercial chickpea field, alongside the cultivar collection. Each experimental unit consisted of a pair of rows 8 m long (with 1-m row spacing) and a pair of guard rows of the commercial cultivar on each side. Only the central 4 m were harvested. The above-ground harvested biomass was weighed. Seed yield of the harvested plots was determined after threshing.
The F 6 seeds were harvested from the F 5 bulks (tested during the 2nd season) without any further selection and were used for planting the 3rd season evaluation. The trial was sown in Kfar-Harif farm on 5 December 2000. The trial was set in a complete randomised block design with 5 replicates and plot size of 6 m width by 8 m length. At harvest, only 4 m from the central 2 rows were harvested to minimise border effects. The above-ground harvested biomass was weighed. Seed yield of the harvested plots was determined after threshing. Lichtenzveig et al. (2002) . C Based on Lichtenzveig et al. (2002) data. D Across the parental range given in Lichtenzveig et al. (2002) .
Results
The ANOVA results show that both the years and the cultivars strongly affected the biomass production, with no interaction between these 2 factors (Table 4) . However, both the year and the cultivar effect on the grain yield were insignificant.
Biomass yields were 40% higher in the 2001 experiment that was sown earlier than 2000. This effect on biomass did not translate to grain yield or harvest index (Table 4) . Over the 2 years of trials the earliest cultivar ICCV95333 and one of the late-flowering cultivars yielded significantly lower biomass than all other cultivars, but this was not reflected in grain yield or harvest indices. Careful inspection of the earlyflowering germplasm lines showed that the plants branch less profusely than the late-flowering materials, as expected from their daylength neutral habit. For example, ICCV95333 regularly produces 2-3 primary branches compared with 4-6 primary branches in Hadas or Yarden. Above-ground biomass, grain yield, and harvest indices of the bulked progeny during the 3 years are given in Table 5 .
Using 3-way ANOVA, a significant (main) year effect was found on both the above-ground biomass and grain yield, but not on the harvest index ( Table 5 ). The phenology factor significantly affected the biomass and grain yield. The late-flowering bulks produced higher total above-ground biomass yields, and higher grain yields (Table 5 ). The disease response factor did not have a significant effect on the biomass or the grain yield or on the harvest index (Table 5 ). The phenology × disease response interaction did not have a significant effect on the biomass or the grain yield or on the harvest index (Table 5) .
During all 3 seasons, a considerable variation for days to first flower (due to minor daylength response, and temperature response genes originating from the ICC5810 parent) occurred within each of the bulks, causing some flowering time overlap between the early and late bulks (see Hovav et al. 2003 for details) . This fact prevented reliable scoring of flowering time, which in turn did not allow calculation of any reliable statistics for days to flowering. However, in general, the late-flowering bulks came into full bloom more than a week later than their early-flowering counterparts. For instance, in the 2001 season the early/resistant bulk commenced flowering 57 days after emergence, whereas first flowers were observed in its late/resistant counterpart 63 days after emergence. Both the late/susceptible and early/susceptible bulks commenced flowering 57 days after emergence, but full flowering was attained only a week later in the late/susceptible plots.
Discussion
The aim of the present work was to evaluate the possible associations between phenology and Ascochyta response and chickpea production in a semi-arid Mediterranean environment. With winter sowing, standard Israeli chickpea cultivars attain, at the onset of flowering, a leaf area index of only 2 (Bonfil and Pinthus 1995) . Therefore, pod set and grain yield build up goes on in parallel with (and therefore is dependent on) later vegetative growth. This inherent competition between vegetative and reproductive growth is recognised as one of the major yield determinants of chickpea (Bonfil and Pinthus 1995) . Very early flowering may therefore restrict yield through longer competition between vegetative and reproductive growth. Such competition could have been the reason for the inferior biomass and grain yield of ICCV95333 during both years (Table 4) . Several earlyflowering chickpea introductions from Ethiopia, India, and ICRISAT were tested in Israel during the last 8 years (Or et al. 1999; Shai 2000) . In severe drought seasons, those earlyflowering lines yielded 0.5-2.0 t/ha compared with total crop failure of the late-flowering controls (e.g. Hadas or Yarden). However, when grown with more than 400 mm of rain, such types were inferior in both their biomass and seed yield. Early-flowering types tend to branch less profusely compared with late-flowering germplasm (results). A lower number of branches results in a smaller number of flowering nodes/unit area, hence the yield reduction. The bulks allowed us to test the possible associations between the different agronomic traits on a uniform genetic background. This is because while selecting for any trait, except from loci linked to the selected gene(s), all other alleles are expected to segregate at random within each of the respective groups. For example, the 2 flowering bulks contained pink and white flowers and seeds of all sizes, with beige, brown, and black colour, thereby allowing fair estimation of the disease response × phenology interaction, regardless of the genetic background, as practically as possible.
We faced difficulties while attempting to record the onset of flowering in the plots of the bulked progeny. This happened despite selection based on progeny tests performed in the F 3 generation (Or et al. 1999) and F 4 progeny tests (Hovav et al. 2003) . The selection procedure for late (PPD/PPD) v. early flowering (ppd/ppd) segregants was pretty reliable within a single heterozygous family derived from a PPD/ppd individual (Hovav et al. 2003) . However, the involvement of minor genes in determining the flowering time phenotype, in addition to the epistatic-like relationship of temperature response loci (originating from the ICC5810 parent) with the daylength response genes (Hovav et al. 2003) , created considerable heterogeneity among the lateand early-flowering bulks.
The associations between the phenology grouping and both the above-ground biomass and grain yield results were consistent from year to year (Table 5 ). In all 3 seasons the lateflowering bulks produced higher biomass yield compared with their early counterparts. The positive correlation between crop growth duration and (biomass and/or grain) yield is not unique to chickpea and is typical of many crop plants of diverse origins (Evans 1993, p. 118) . More specifically the fact that late-maturing cultivars yield more than early-maturing ones in the absence of stress was reported from other cool-season grain legumes like pea and lentil (e.g. Slinkard and Sindhu1988; Erskine et al. 2000) . It should be borne in mind that longer crop growth duration also extends the crop exposure to Ascochyta blight epidemics, hence the importance of improving blight resistance in autumn-sown varieties.
With respect to grain yield, the advantage of the lateflowering bulks was smaller (8%) compared with the biomass yield gap (15%), although statistically significant (Table 5 ). Therefore it follows that the late-flowering bulks were more efficient in their overall seasonal water use in biomass and grain production. However, the early-flowering bulks were more efficient in their yield partitioning, and have higher grain yield potential on the same biomass basis as expressed by their higher harvest indices. This may suggest that selection for early flowering (to a certain extent) need not necessarily involve a severe grain yield penalty. Effective yield increase mediated by early flowering requires chilling tolerance of all stages of the reproductive process. Indeed, pollen selection procedure resulted in improved chickpea genotypes capable of better pod set under low temperatures (Clarke et al. 2004) .
Comparing the biomass and grain yields according to the Ascochyta blight response grouping (resistant v. susceptible in Table 5 ) showed that (in absence of the disease) both biomass and grain yields of the resistant bulks were nearly identical to those of the susceptible bulks. Interestingly, no interaction effect on biomass and grain yield production was observed between the phenology and the disease response grouping (Table 5) . A weak negative genetic correlation (r G = −0.21) between flowering date and Ascochyta blight response in this cross (Hadas × ICC5810) was recently reported by Lichtenzveig et al. (2002) . In the present study, phenology and disease response genes had no interaction effect on the biomass and grain yield (in absence of the disease). Biomass and grain yields are both complex traits controlled by numerous loci; therefore, the weak genetic correlation between phenology and the disease response did not translate into association between yield and disease response loci (Table 5) .
The present study, and observations made in other world areas, suggest that a considerable potential for yield increase exists in chickpea provided that phenology is better tuned for the different target environments (e.g. Sandhu and Hodges 1971; Miller et al. 2002) . In this respect, the implication of the present work is that advancing flowering time and extending the pod-set time window may not automatically impose a yield penalty. Still, in our view, in breeding for water-limited environments, where chickpea cropping is currently not a viable option, this may be a price worth paying.
